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Abstract 
Detrital zircon studies of miogeoclinal sediments can help provide a deeper look into the 
mechanisms leading to continental breakup by studying the evolution of the continental margin 
of North America. Few detrital zircon studies have been conducted to support previous research 
and theories about the sedimentation of the Miogeocline from the Neoproterozoic to the 
Cambrian. Studies targeted at the Basin and Range province of the western United States show a 
trend of increasing local sediment sources. We analyzed detrital zircons from the Pilot and Deep 
Creek Ranges in Nevada and Utah via LA-MC-ICP-MS at the University of Arizona LaserChron 
Center with the hope of better understanding miogeoclinal provenance patterns and deformation 
during the early history of the North American continental margin. Our results indicate age peaks 
at 1.0–1.2 Ga, ~1.4 Ga, with increasing 1.6–1.8 Ga grains in the McCoy Creek Group. The 
Prospect Mountain Quartzite contains mainly 1.6–1.8 Ga zircons in the Pilot Range, and mainly 
1.44 Ga and 1.72 Ga zircons in the Deep Creek Range. The Busby Group in the Deep Creek 
Range is dominated by 1.6–1.8 Ga zircons. Zircons from the McCoy Creek Group are consistent 
with distal sediment sources from the eastern margin of North America, including Grenvillian 
and Granite-Rhyolite terranes. Zircons from the Prospect Mountain Quartzite and the Busby 
Group are derived from more local terranes, including the Mojave, Mazatzal, and Yavapi. 
Although there are many possibilities to explain the change in sedimentary sources, we favor on 
the emergence of the Tooele-Uinta Arch and shallow marine transgressions. The Tooele-Uinta 
Arch may have created a point source for local deposition to the Deep Creek and Pilot Ranges. 
Shallow marine transgressions to the inner North American continent may have blocked 
sediment from the east coast from reaching the miogeocline.  
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Introduction 
The North American miogeocline may be used as the archetypal setting for the 
characteristic processes that occur on a continental margin immediately following continental 
breakup. The North American miogeocline is an ideal study site because it is near enough to the 
continental margin to experience the effects of the continental breakup but remains intact today 
(Fig 1). In addition, the miogeocline consists of a thick sequence of sediments containing detrital 
zircons whose ages and sediment sources can be determined or extrapolated. By studying the 
sediment dispersal patterns of the miogeocline, we hope to create a base analogy that may be 
used elsewhere in determining the course of events during continental breakup.   
Many studies of the American southwest have aimed to decipher the breakup of the 
supercontinent Rodinia during the Mesoproterozoic, the paleogeography of the miogeocline, and 
the inland transgression of seas during the Cambrian (Condie et al., 2001; Farmer and Ball, 1997; 
Keeley, 2009). Competing theories for the breakup of Rodinia include SWEAT, in which the 
southwestern United States (and therefore Laurentia) was joined with east Antarctica, and the 
Laurentia–Siberia model, in which southwestern Laurentia was tied to the northeastern Siberia 
(Condie et al., 2001; Sears and Price, 2003). In addition, the paleogeography of the miogeocline 
remains uncertain as shifting sediment sources with time suggest the possible emergence of the 
Tooele-Uinta Arch in the southwest (Farmer and Ball, 1997). Meanwhile, marine transgression 
during the Cambrian, similar to the Sauk transgression, may have prevented sediment transport 
from the Grenville orogeny across the continent to the western miogeocline (Keeley, 2009). 
While past studies indicate that most miogeoclinal sediments in the American southwest were 
derived from erosion of Laurentian Precambrian terranes (Stewart, 1970, 1974), few detailed 
 
 
studies have been done to determine the provenance of zircons and sediments from the 
Proterozoic and the Cambrian in this region. 
 
Figure 1. Regional Map of the Miogeocline in the Southwestern United States. This map shows the 
Miogeocline, as depicted by contour lines. Each contour line represents 5,000 feet of sediment 
accumulation. The Pilot Range (black star) and the Deep Creek Range (white star) are also shown for 
reference.  
 
Here, we present new detrital zircon data from the McCoy Creek Group, the Prospect 
Mountain Quartzite, and the Busby Group from the Deep Creek Range along the Nevada–Utah 
border. Our results indicate a trend of decreasing Grenville zircons (1.0 – 1.2 Ga), decreasing 
granitoid basement rock zircons (1.4 – 1.5 Ga), and increasing southwest basement rock zircons 
(1.7 – 1.8 Ga) stratigraphically upsection in the studied area. Very few Archean grains (2.6 – 2.7 
 
 
Ga) are present in each sample. The age trends of zircons found in the Deep Creek Range cannot 
be said to fully support either the Siberia–Laurentia or SWEAT theories concerning the breakup 
of Rodinia, but do support the emergence of the Tooele–Uinta Arch to the north and the Sauk 
Transgression to the east (e.g., Condie et al., 2001; Sears and Price, 2003; Farmer and Ball, 
1997; Keeley, 2009).  
Geologic History 
The Miogeocline and the Great Basin 
 The miogeocline is a sequence of shallow marine sediments thousands of meters thick 
that is located within the Great Basin of the southwestern United States (Fig 1). The Great Basin 
is located between the present day Sierra Nevada Mountains to the west and the Rocky 
Mountains to the east. The Great Basin is the largest watershed in North America with no ocean 
outlet. The sediments deposited in the Great Basin are well preserved and are subject to minimal 
erosional effects, making the sediments ideal for detrital zircon studies concerning the 
miogeocline.  
Geologic Phases of the Southwestern United States 
The geologic history of Utah, Nevada, and the surrounding southwestern area is complex, 
but can be divided into distinct phases (Hintze, 1988). The American southwest is home to 
multiple provenance terranes that contribute to the complex geology and sedimentology of the 
area (Fig 2, Stewart, 2001). The oldest terrane is the Archean craton (>2.5 Ga), located in the 
central northern United States, mostly in present day Wyoming, with detrital zircons originating 
from inland parts of the North American continent (Fig 2, Stewart, 2001). During the 
metamorphic basement phase in the southwestern United States (1.0–3.0 Ga), the Archean craton 
(>2.5 Ga), also known as the Wyoming terrane, formed in northern Utah and a terrane of granitic 
 
 
and metamorphic rocks formed south of Salt Lake City, Utah (Fig 2, Hintze, 1988). The 
Penokean Orogeny created a belt of 1.8–2.0 Ga basement located near the east coast, directly 
west of the Grenville Orogeny (Fig 2, Schultz and Cannon, 2007). The Mojave province (1.63–
2.3 Ga) is located southwest of the Archean craton projects in a thin strip through Utah and 
southern Nevada and California (Fig 2, Stewart, 2001). The Yavapi province (1.7–1.8 Ga) is to 
the southeast of the Archean craton and the Mojave province, stretching through parts of 
Wyoming, Colorado, Utah, and Arizona (Fig 2, Stewart, 2001). The Mazatzal province (1.65–
1.80 Ga) covers extensive areas in Arizona, New Mexico, Mexico, Texas, and Colorado to the 
southeast of the Yavapi province (Fig 2, Stewart, 2001). The Penokean, Mazatal, Mojave 
terranes represent a series of island arcs accreted to the main body of the continent from 2.0–1.6 
Ga (Hintze, 1988). Scattered throughout the American southwest in a seemingly random fashion 
are 1.34–1.48 Ga granites (Stewart, 2001). The Granite-Rhyolite terrane (1.4 Ga) is found farther 
east than previous provinces, stretching from present day Mexico in the south to Hudson Bay in 
the north (Fig 2, Slagstad, 1999). The Granite-Rhyolite terrane (1.4 Ga) formed during the active 
phases of the Laurentia-Baltica continental margin, via intra-arc and back-arc extension 
(Slagstad, 1999). The Grenville province (1.0–1.2 Ga) is the youngest terrane, found southeast of 
the Mazatzal province in Mexico and Texas and east of the Granite-Rhyolite terrane (Fig 2, 
Stewart, 2001). These rock assemblages are all metamorphosed and together form the basement 
rocks, and therefore sediment sources and previously discussed terranes, of the American 
southwest (Hintze, 1988).  
 
 
 Figure 2. Regional Map of the North American Terranes. This map shows the sediment source 
terranes for North America. Note the Gulf of California for reference. The Pilot Range (black star) and 
the Deep Creek Range (white star) are also shown for reference.  
 
The miogeoclinal platform phase (0.36-1.0 Ga) witnesses the division of Utah into a 
subsiding western half and a more or less stationary eastern half (Hintze, 1988). In the west, the 
miogeoclinal basin formed in which thousands of feet of sediment were deposited in a shallow 
marine environment on top of the Archean craton (Hintze, 1988). In order for this to occur, the 
basin floor must have been subsiding at roughly the same rate as sediments were accumulating 
(Hintze, 1988). This is best explained by the breakup of the supercontinent Rodinia. As present 
day eastern Antarctica or present day Siberia broke apart from southwestern Laurentia, the 
 
 
western miogeocline experienced a loss of heat and crustal thinning, causing it to slowly subside 
(Stewart, 2001).  
The Precambrian–Cambrian sediments in this study were deposited during the 
miogeoclinal platform phase. Cambrian strata in the American southwest are commonly noted 
for westward-thickening pattern (Hintze, 1988). Strata in the west are frequently ten times 
thicker than strata in the east, caused by the crustal thinning during the breakup of Rodinia 
(Hintze, 1988). This period of subsidence coincides with the deposition of the Prospect Mountain 
Quartzite and the McCoy Creek Group that will be discussed later in this study (Hintze, 1988). 
Cambrian sediments have rock types characteristic of shallow marine waters, with sequences 
consisting of basal quartzite, thin shale, and thick carbonate with interbedded shale proceeding 
stratigraphically upsection (Hintze, 1988). 
Two northwest-trending subsiding basins replaced the miogeoclinal basin in the Oquirrh-
Paradox Basin phase (0.25–0.36 Ga) (Hintze, 1988). These two basins may be explained by the 
appearance of the Tooele-Uinta Arch. The Arch is proposed to be in the general vicinity, 
trending in the same general direction, and it is possible that the Tooele-Uinta Arch separated the 
subsiding basins as early as the late Neoproterozoic (Farmer and Ball, 1997). Deposition 
continued during the remainder of Utah’s geologic history, and continues today. During 
subsequent orogenies and later basin and range extension, sediments were exposed and 
preserved. The Precambrian–Cambrian sedimentary rocks of the Deep Creek and Pilot Ranges 
were exhumed associated with basin and range faulting and the development of the basin and 
range province (Rodgers, 1987). 
 
 
 
 
Materials and Methods 
Detrital Zircon Geochronology 
 Detrital zircons are found in almost all crustal rocks because they are very resistant to 
weathering. Zircons contain trace amounts of lead and uranium that can be used to determine the 
age of the minerals. Uranium–lead dating measures the ratio of two lead isotopes to the amount 
of uranium in any sample to determine a reliable age. By dating detrital zircons and linking ages 
to previously defined source terranes, it is possible to discover where the zircons (and therefore 
other sediments) originated. With this information, sediment dispersal patterns on both large and 
small scales can be determined.   
Sample Descriptions 
The samples collected from the Deep Creek Range were brought to California 
Polytechnic State University by Dr. Scott Johnston. The Deep Creek Mountain Range is located 
within the Basin and Range in east–central Utah. The range has rock types and depositional 
trends that reflect deposition at the time of a newly rifted passive margin (Rodgers, 1987). From 
the bottom up, samples studied from the Deep Creek Range include zircons from the 
Precambrian McCoy Creek Group, the Precambrian–Cambrian Prospect Mountain Quartzite, and 
the Cambrian Busby Group (Fig 3). The quartzites found in this area are rich in detrital zircons 
and are therefore prime candidates for U–Pb analysis.  
 
 
 
 
 
 
 
Mountain Range Sample Latitude  Longitude 
Deep Creek Range McCoy Creek Group N39°41’51.0” W113°55’58.2” 
Deep Creek Range Prospect Mountain N39°42’18.5” W114°02’08.0” 
Deep Creek Range Busby Group N39°42’41.3” W114°03’02.4” 
Pilot Range McCoy Creek Group D N41°02’05.3” W114°06’54.4” 
Pilot Range McCoy Creek Group F N41°02’33.0” W114°06’29.9” 
Pilot Range Prospect Mountain N41°03’20.7” W114°06’16.3” 
Table 1. GPS Coordinates of Samples taken from the Deep Creek and Pilot Ranges. GPS coordinates 
were taken with a handheld GPS when samples were collected. The latitude and longitude of each sample 
is shown here. 
 
The samples collected from the Deep Creek Range have similar mineralogies, although 
all samples are quartzites that range slightly in composition and color.  (Fig 4 and 5, Table 2). 
The McCoy Creek Group (stratigraphically lowest) contains 90% quartz, 3% biotite, 2% 
feldspar, and less than 1% zircon. The Prospect Mountain Quartzite contains 87% quartz, 8% 
biotite, 5% feldspar, and less than 1% zircon. The Busby Group (stratigraphically highest) 
contains 73% quartz, 15% biotite, 12% feldspar, and less than 1% zircon. 
 
 
 
 
 Figure 3. Detailed Geologic Map of the Deep Creek Range, Utah and Nevada. The map shows the 
locations of the samples collected in the Deep Creek Range. The Busby Group Quartzite (red) is 
stratigraphically highest, with the Prospect Mountain Quartzite (blue) and the McCoy Creek Group 
(green) becoming stratigraphically lower as you move across the map to the east. 
 
 
Figure 4. Thin Sections of Deep Creek Range sample in regular (left) and polarized light (right). 
The zircon crystal in the upper left can be seen in regular light due to its high relief and in polarized light 
due to its rainbow-like reflection. The minerals with low relief (regular light) and a similar rainbow-
reflectance (polarized light) are biotite grains. The remaining grains are quartz. 
 
 
 
 Figure 5. Straitgraphic Column of the Deep Creek Range. All samples are described in terms of time 
period, formation and member names, thickness and rock type. The Busby Group (red, J8709J) is the 
stratigraphically highest sample, composed of quartzite. The Prospect Mountain Quartzite (blue, J8709I) 
is the middle sample. The McCoy Creek Group (green, J8709E) is the stratigraphically lowest sample. 
 
Samples were also collected and analyzed from the Pilot Range, Nevada (M.A. Reed-
Elling, written communication, 2009). The Pilot Range is located northwest of the Deep Creek 
Range in the basin and range province of the American southwest. Zircons were analyzed from 
the Prospect Mountain Quartzite and the McCoy Creek Groups (Fig 6, Table 2) of the Pilot 
Range. The McCoy Creek Group D (stratigraphically lowest) contains 85% quartz, 15% 
feldspar, and less than 1% both biotite and zircon. The McCoy Creek Group F contains 93% 
quartz, 5% feldspar, 2% biotite, and less than 1% zircon. The Prospect Mountain Quartzite 
(stratigraphically highest) contains 93% quartz, 5% feldspar, 2% biotite, and less than 1% zircon. 
 
 
 Figure 6. Stratigrapic column of the Pilot Range. All samples are described in terms of time period, 
formation and member names, thickness and rock type. The Prospect Mountain Quartzite (purple, 
J8710A) is the stratigraphically highest sample. The McCoy Creek Group F (blue, J8710C) is the middle 
sample. The McCoy Creek Group D (red, J8710D) is the stratigraphically lowest sample. 
 
Mountain Range Sample  % Quartz % Feldspar % Biotite % Zircon 
Deep Creek McCoy Creek Group 90 2 3 <1 
Deep Creek Prospect Mountain Quartzite 87 5 8 <1 
Deep Creek Busby Group 73 15 12 <1 
Pilot McCoy Creek Group D 85 15 <1 <1 
Pilot McCoy Creek Group F 93 5 2 <1 
Pilot Prospect Mountain Quartzite 93 5 2 <1 
Table 2. Sample Petrologies. The table shows the percentage of mineral types present in each sample.  
 
 
Sample Preparation 
Zircon samples were prepared for laser ablation using standard mineral separation 
techniques as described by George Gehrels (Gehrels et al., 2006; 2008). Although zircon 
represented only trace amounts in these samples, by processing large volumes of rock, we were 
able to retrieve ample numbers of zircon grains.  Zircon crystals were extracted in the on-campus 
geology lab. Hand samples were crushed in a stainless steel mortar and pestle and sieved to 
ensure that grains were less than 150 microns in diameter (Fig 7). The sediments were then 
panned. Panning sifted the lighter grains like quartz and feldspars out of the pan and left the 
heavy grains like mafic minerals and zircons.  
   
Figure 7. Photographs of Zircon Extraction Materials. Left: Stainless steel mortar and pestle used to 
crush hand samples to a seivable size. Safety equipment, including earphones, safety glasses, and face 
masks, were used for protection. Middle: Seive used to ensure grain size of less than 150 microns and pan 
to collect material that passed through the seive. Right: Green pan used to remove lighter minerals from 
the zircons and mafic materials.  
 
After panning, the lighter grains were discarded and the heavy grains kept for further 
zircon separation. Zircon grains were separated from other heavy mafic minerals at the heavy 
liquids lab at University of California, Santa Cruz. Each sample was submersed in Methylene 
Iodide (MI). Any grains that floated in MI were discarded. The Frantz magnetic separator further 
separated the heavy minerals that sank in MI (Fig 8). Because zircons are not magnetic and most 
heavy minerals are, the Frantz removes magnetic heavy minerals from zircons (Gehrels et al., 
2008).  
 
 
 Figure 8. Photograph of Frantz Magnetic Separator. Machine used to remove magnetic mafic 
materials from remaining zircon crystals. 
 
Post separation, the remaining zircon crystals were mounted in an epoxy plug and then 
sanded down to expose the interior of the mineral grains (Gehrels et al., 2008). The remaining 
processes to date the zircon crystals are done at the Arizona LaserChron Center (ALC).  
Laser Ablation and Zircon Geochronology 
 At the ALC, individual zircon grains were dated using laser-ablation multicollector 
inductively-coupled mass spectrometry (LA-MC-ICP-MS, Fig 9). Mounted samples were 
inserted into the GVI Instruments Isoprobe coupled with a New Wave Instruments 193 nm laser. 
The laser was set to a beam with a diameter of 25-35 µm, a repetition rate of 8 Hz and a fluence 
of 4 J/cm2. With these settings, an ablation rate of 1 µm/s was achieved, and over the 12 second 
analysis, yielded an average pit depth of 12 µm (Gehrels et al., 2008). During ablation, the 
ablated material is removed from the ablation chamber with helium carrier gas and into the 
plasma source where elements were ionized and accelerated through the mass spectrometer for 
isotopic analysis (Gehrels et al., 2006; 2008). 100 zircon crystals were analyzed for each of the 
three samples. Each analysis involves one 12-second integration with the laser off to measure 
 
 
background intensities, 12-seconds of laser ablation with intensities integrated once per second, 
and 30 seconds with the laser off to purge the system (Gehrels, 2008). Standard samples with 
known ages were analyzed after every five unknown zircon crystals to create a calibration curve 
for isotopic ratios measured by the machine.  
 
Figure 9. Illustration of Arizona LaserChron technologies. Mounted zircon samples were placed in the 
laser chamber in the bottom left corner. The sample was then ablated by the laser, and ablated material 
was carried into the plasma to deionize the sample. The deionized material was then analyzed by the GVI 
Isoprobe and mass spectrometer. 
 
 Raw data from the LA-MC-ICP-MS at ALC includes isotope ratios as well as 
uncorrected estimates for 206Pb/238U and 207Pb/235U ages. This data, along with errors and isotope 
ratios from the standard, is run through AgeCalc, a Microsoft Excel macro that reduces the raw 
data in the form of measured ratios to create a correction curve used to determine the actual 
206Pb/238U, 207Pb/206Pb, and 207Pb/235U ratios (Ludwig, K., 2003). These ratios are then used to 
calculate the age of each sample (Ludwig, K., 2003). Isoplot, another Microsoft Excel macro, 
uses the data from AgeCalc to plot the isotope data using various statistical methods (Ludwig, 
K., 2003). Isoplot calculates ages and trends for groups of analyses and creates Concordia plots 
and probability distribution functions for each data set (Ludwig, K., 2003). The Concordia plot 
depicts the concordance or discordance of each zircon grain (Gehrels et al., 2006). The 
 
 
probability density function plots the age of each zircon crystal on a histogram that shows the 
age spikes in the sample (Gehrels et al., 2006).   
Results 
Detrital zircon analysis of the Precambrian McCoy Creek Group (sample J8709E) 
yielded 1.0–1.2 Ga Grenville zircons, prominent 1.4–1.5 Ga Granite–Rhyolite basement zircons, 
few 1.7–1.8 Ga southwest basement rock zircons, and trace Archean zircons associated with 
Wyoming basement rocks. Analysis of the Prospect Mountain Quartzite (sample J8709I) shows 
very few 1.1–1.2 Ga Grenville zircons, prominent 1.4–1.5 Ga granitoid basement rock zircons 
and 1.7–1.8 Ga southwest basement rock zircons, and very few Archean zircons. Analysis of the 
Busby Group (sample J8709J) yields the least 1.0–1.2 Ga Grenville zircons, the least 1.4-1.5 Ga 
granitoid basement rock zircons zircons, and the most 1.7-1.8 Ga southwest basement rock 
zircons.  
This data indicates several trends moving stratigraphically upsection through the Deep 
Creek Range: 1) Grenville zircons  decrease, 2) zircons from Granite–Rhyolite source terranes 
increase in the Prospect Mountain Quartzite and then almost disappear in the Busby Group, 3) 
southwest basement rock zircons (1.6–1.8 Ga) increase dramtically, and cratonal basement rock 
zircons (2.6-2.7) are relatively absent at all stratigraphic levels. In summary, the zircons are older 
and more locally sources at higher stratigraphic levels within the Deep Creek Range (Fig 10). 
 
 
 
 Figure 10. Probability Density Plot of Zircons in the Deep Creek Range. This graph shows the ages of 
zircons found in the Deep Creek Range. The peaks are associated with common ages of zircons in each 
sample. The Busby Group (red) has peaks at 1.4 and 1.8 Ga. The Prospect Mountain Quartzite (blue) has 
peaks at 1.4 and 1.78 Ga. The McCoy Creek Group has peaks at 1.1, 1.4, and 1.8 Ga. 
 
 Detrital zircons from the Pilot Range show a similar trend toward more locally-derived 
zircons at higher stratigraphic levels, although all samples from the Pilot Range contain 
significantly higher amounts of Archean aged (2.6–2.7 Ga) zircons than the Deep Creek Range 
(Fig. 11). 
 
 
 Figure 11. Probability Density Plot of Zircons in the Pilot Range. This graph shows the ages of 
zircons found in the Pilot Range. The peaks are associated with common ages of zircons in each sample. 
The Prospect Mountain Quartzite (purple) has peaks at 1.4, 1.8, and 2.6 Ga. The McCoy Creek Group F 
(blue) has peaks at 1.1, 1.3, 1.8, and 2.6 Ga. The McCoy Creek Group D (red) has peaks at 1.1, 1.4, 1.8, 
and 2.6 Ga. 
 
Discussion 
Distal Source Sediment Derivation 
 While the majority of previous research conducted concerning sediment source terranes 
for the miogeocline has concluded the most sediments are locally derived, few studies have 
concluded more distal, east coast sediment sources (i.e. Stewart et al, 2001).  It is widely 
accepted that the Grenville aged sediments (1.0–1.3 Ga) are derived from the Grenville orogeny 
on the eastern margin of North America (Fig 2). However, sediments dating to 1.3–1.5 Ga are 
often described in vague terms, such as granitic basement material or granite-rhyolite terrane, 
 
 
and it is uncertain whether they are locally derived. Some studies show that the 1.4 Ga granite-
rhyolite terrane is a remnant of active arc extension along the Laurentia-Baltica continental 
margin (Slagstad, 2009).  It has been thought that some of the 1.3–1.5 Ga granites are 
interspersed at random throughout the Miogeocline with no specific local source terrane 
identified, while others originate from the east coast granite-rhyolite terrane (Fig 2).  
 A large terrane of 1.3–1.5 Ga granite-rhyolite has been reported running parallel to the 
northwest of the Grenville terrane of Laurentia (Cawood et al., 2007; Fig 2). It is likely that the 
1.3–1.5 Ga zircons eroded into the Grenville terrane, or parallel to it, before migrating toward the 
Miogeocline. It is well documented that the 1.0–1.3 Ga zircons are from the Grenville orogenic 
belt shown to run parallel to the 1.3–1.5 Ga granite-rhyolite terrane. If the 1.3–1.5 Ga sediments 
eroded in the fashion described above, it is possible that the zircons of those sediments would 
have travelled through the same paths as the Grenville zircons as they slowly traveled to the 
American southwest. It is likely that the method of transport and erosion for these two terranes 
was some sort of large river system. The river system must have originated in, or east of, the 
Grenville terrane, and travelled southwest, picking up1.3-1.4 Ga grains from the granite-rhyolite 
terrane. This explains the zircons seen in the McCoy Creek Group, with high peaks of Grenville 
and Granite-Rhyolite aged zircons.  
 
 
 
 Figure 12. Cross Section of North America Depicting Distal Sediment Dispersal Patterns. Erosion 
from the Grenville orogeny on the east coast of the continent traveled all the way to the southwest. Along 
the erosional path, 1.35-1.45 and 1.75-1.85 Ga zircons were picked up and carried to the depositional 
sites. 
 
Local Source Sediment Derivation 
 Data from the Deep Creek and Pilot Ranges show that the sediment depositional pattern 
changed for the American southwest sometime after the deposition of the McCoy Creek Groups. 
The lack of Grenville (1.0–1.3 Ga) zircons in the upper sections of the ranges (Prospect 
Mountain Quartzites and Busby Group) hint that the Grenville flood had ceased and sediments 
were not travelling the great distances that they previously had. East coast sediments were not 
travelling to the American southwest after the deposition of the McCoy Creek Groups. The 
eroding Grenville orogeny may be the sole reason for the change to locally derived sediment 
sources for the miogeocline. Marine transgressions may also have been responsible for the 
cessation of the Grenville flood. 
 The sediments deposited to create the Prospect Mountain Quartzites and the Busby Group 
were from proximal sources rather than distal sources from east coast (Fig 2, 13). The 1.7–1.8 Ga 
 
 
zircons common to these formations have many possible local derivations. Much of the 
southwest is comprised of basement rock ranging from 1.6 Ga to 1.8 Ga. The most likely sources 
for the 1.7–1.8 Ga zircons are the Mazatzal and Yavapi Provinces (Fig 2, 13). The 1.3–1.4 Ga 
zircons common to these formations are more difficult to pin down. All zircons of this age in the 
southwest are due to point sources because there is no terrane or province that contains zircons of 
this age. It is likely that a local point source of 1.4 Ga granite nearby the Deep Creek Range 
eroded to create the large peak of 1.4 Ga zircons found in the Prospect Mountain Quartzite.  
 
Figure 13. Cross Section of North America Depicting Local Sediment Dispersal Patterns. The 
Grenville sediment erosion no longer reached the present day American southwest, perhaps due to the 
Sauk Transgression (see next section). The local point source is most likely the Tooele-Uinta Arch. 
 
Paleogeography of the Miogeocline: Tooele-Uinta Arch and Sauk Transgression 
 The virtual absence of Archean grains in the Deep Creek Range may indicate that a 
landform blocked the flow of grains from the northern United States, namely the Archean craton 
in Wyoming, to the southwest. The proposed east–west Tooele–Uinta Arch, located north of the 
Deep Creek Range but south of the Archean craton, may have been such a positive relief 
landform to cause this distribution of zircons (Farmer and Ball, 1997).  
 
 
In addition to blocking Archean sediments, the Tooele–Uinta Arch may provide an 
explanation for older zircons overlying younger zircons in the Deep Creek Range. The positive 
relief provided by the Tooele-Uinta Arch coupled with erosion would have led the younger 
sediments most recently deposited on the Tooele–Uinta Arch to be deposited first, and therefore 
at the bottom, of the adjoining basin. This unroofing sequence would deposit sediments derived 
from the Tooele-Uinta Arch sediments with the oldest sediments at the stratigraphically highest 
point. The Tooele–Uinta Arch had southwest basement rock at its core (Farmer and Ball, 1997), 
coinciding with Yavapi and Mazatzal provinces (1.63-1.8 Ga). The Busby Group in the Deep 
Creek Range is the stratigraphically highest and contains the most 1.7–1.8 Ga zircons. The 
Prospect Mountain Group shows a gradual transition from the older 1.8 Ga grains to the younger 
1.4 Ga grains, and finally the 1.0–1.2 Ga grains in the McCoy Creek Group. As such, the McCoy 
Group may provide the first evidence of the Tooele–Uinta Arch because it contains zircons with 
the youngest and oldest ages (Farmer and Ball, 1997).  
The Pilot Range provides further evidence for the Tooele–Uinta Arch. The proposed 
Arch runs east to west between the Pilot Range (to the north) and the Deep Creek Range (to the 
south). The presence of Archean grains north of the Tooele–Uinta Arch in the Pilot Range may 
prove that grains of that age traveled far south and were blocked by some landform from 
traveling farther south.  
As an alternative to the emergence of the Tooele–Uinta Arch, marine transgressions onto 
the midcontinent may also explain the absence of Grenvillian zircons at higher stratigraphic 
levels in the Deep Creek Range. If a large inland sea existed during the Cambrian, sediments 
eroding from the Grenville orogeny to the east would be blocked in their westward migration 
 
 
(Keeley, 2009). Sediments with Grenville detritus may have been deposited before these marine 
trangressions, and could explain the presence of 1.0–1.3 Ga zircons in the McCoy Creek Group.   
SWEAT vs. Siberia-Laurentia  
Among the many competing theories for the paleogeogrhaphy prior to the breakup of the 
supercontinent Rodinia, the SWEAT and Siberia-Laurentia theories seem the most plausible 
(Condie et al., 2001; Sears and Price, 2003). The SWEAT model proposes the southwest United 
States was adjacent to eastern Antarctica within Rodinia, and common sediments dating to 
Archean age (2.1-2.7 Ga) link this suture zone together (Condie et al., 2001). The Siberia–
Laurentia model proposes that present day Siberia was tied to Laurentia near the American 
southwest, and is supported by common orogenic events at 1.8–2.0 Ga, 1.5 Ga, and 1.0–1.3 Ga 
that link these cratonal fragments (Sears and Price, 2003). 
The SWEAT theory cites common Archean belts in both the American Southwest and 
East Antarctica as the main line of evidence that the two were once joined (Condie et al., 2001). 
The Deep Creek Range has a significant lack of Archean grains, and therefore lacks support for 
the SWEAT theory. However, the Pilot Range has a significant number of Archean grains that 
are complimentary to the SWEAT theory.  
The Siberia-Laurentia theory cites many lines of evidence for the connection of the two 
proto-continents. Orogenic belts dating to 1.8-2.0 Ga, 1.85-1.9 Ga, 1.7-1.8 Ga, 1.5 Ga, and the 
Grenville are common to both Siberia and Laurentia (Sears and Price, 2003). The main detrital 
zircon provinces that link the two are noted by peaks at the Grenville and at 1.9-2.0 Ga (Sears 
and Price, 2003). The Deep Creek Range and the Pilot Range contain zircons that can be said to 
match all orogenic belts cited, as well as the Grenivlle zircons. However, there is a lack of 1.9-
2.0 Ga zircons present.  
 
 
The lack of Archean grains (2.1–2.7 Ga) in the Deep Creek Range cannot dispute the 
SWEAT theory. A local landform or inland transgression may have blocked Archean grains from 
reaching the Deep Creek Range. In direct contrast to the Deep Creek Range, there are numerous 
Archean (2.1–2.7 Ga) grains present in the nearby Pilot Range that may be evidence for the 
plausibility of the SWEAT theory. The Pilot Range also contains zircons with ages 1.8–2.0 Ga, 
1.5 Ga, and 1.0–1.3 Ga that may be used to help prove the Siberia-Laurentia model as correct. 
However, the presence of these grains, particularly the 1.8–2.0 Ga grains, in the Deep Creek and 
Pilot Ranges cannot be absolute evidence for the Siberia–Laurentia model. Zircons of this age 
may have been derived from the east coast in the mass migration of sediments that accompanied 
the Grenville flood. When data from both the Pilot Range and the Deep Creek Range is 
considered, neither the SWEAT nor the Siberia–Laurentia theory can be fully supported.  
Conclusion 
 Detrital zircon studies from the Deep Creek and Pilot Ranges in the southwestern United 
States have shown a change in sediment source terranes from distal to local, the possibilities of 
the Tooele–Uinta Arch and the Sauk Transgression. The McCoy Creek Groups in both the Deep 
Creek and Pilot Ranges contain sediments derived from the Grenvillian and Granite-Rhyolite 
terranes located near the eastern margin of North America. After the deposition of the McCoy 
Creek Group, the sediment source terranes changed drastically, shifting to a more local source 
comprised of the Mojave, Mazatzal, and Yavapi terranes contributing to the deposition of both 
the Prospect Mountain Quartzite and the Busby Group. The paleogeography of the miogeocline, 
including the emergence of the Tooele–Uinta Arch and the Sauk transgression, may have led to 
the change in sediment sources. The proposed Tooele-Uinta Arch is placed between the two 
ranges in this study, and may account for the lack of Archean grains in the more southern Deep 
 
 
Creek Range in addition to creating a local point source for the 1.44 Ga zircons found in the 
Prospect Mountain Quartzite. Marine transgressions that would have isolated the miogeocline 
from distal sources may also account for the shift in sediment sources. Finally, the detrital zircon 
data from both the Deep Creek Range and the Pilot Range cannot be used to differentiate 
between SWEAT and Siberia–Laurentia theories concerning the paleogeography of Rodinia 
prior to breakup. More research must be done in the miogeocline to further understand 
continental breakup. 
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Appendix A: Sample Concordia Plots 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Appendix B: Sample Probability Distribution Plots 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
